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Wallace  L.  Anderson,  Principal  Investigator 


The  problem  studied 

Investigation  was  made  of  a  possible  method  for  nondestructive  characterization  of  residual 
stress  in  metals,  based  on  a  nonlinear  acoustoelastic  phenomenon  involving  ultrasonic 
velocity,  stress  and  temperature.  Details  have  been  presented  in  previous  reports. 

Summary  of  important  results 

1.  Unique  instrumentation  was  developed  for  high-precision  time-resolved  ultrasonic 
velocity  measurement.  Such  instrumentation  is  not  available  commercially  nor,  as  far  as  is 
known,  has  such  a  capability  ever  been  developed  previously.  It  has  a  significant  potential 
for  materials  studies  and  possibly  other  areas  as  well,  as  for  instance  noninvasive 
biomedical  applications. 

2.  It  was  demonstrated  that  with  such  instrumentation,  applied  stress  even  of  modest 
values  can  be  detected  at  depths  of  at  least  1  cm  in  aluminum.  Furthermore,  such  detection 
was  shown  to  be  quantitative,  i.e.,  the  amplitude  of  the  effect  is  proportional  to  stress 
magnitude,  and  its  shape  is  responsive  in  the  predicted  manner  to  locality  of  the  stress.  In 
view  of  item  3,  below,  it  is  evident  that  this  concept  is  a  viable  basis  for  nondestructive 
characterization  of  subsurface  residual  stress  in  metals. 

3.  Methods  for  data  inversion  to  obtain  stress  profiles  from  measured  velocity  were 
explored  and  it  was  found  that  two  techniques  give  good  results  with  simulated  data  and 
relatively  large  amounts  of  additive  noise,  namely:  (a)  generalized  matrix  inversion  with 
constraints  and  (b)  least  mean  squares  parameter  fitting. 
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